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CONTRIBUTIONS FROM THE JEFFERSON PHYSICAL LABORATORY, 
HARVARD UNIVERSITY. 

STUDIES ON FLUORITE. 

IV. THE KATHODO-LUMINESCENCE OF FLUORITE. 
By Harry W. Morse. 

Presented by John Trowbridge. Received March 20, 1907. 

I. In previous papers which have been presented, to the American 
Academy by the author, data on the light emitted by crystals of fluor- 
ite from various localities, excited by light x and by heat, 2 have been 
discussed. The present research contains data on the spectra of the 
light emitted by various fluorites under excitation by kathode rays. 

It was found in the first research that many fluorites, if not all, give 
discontinuous spectra when excited by the light from certain sparks. 
The metals which have strong ultra-violet lines in their spark spectra, 
used as terminals for the passage of a strong spark, excite lines of 
fluorescence in these fluorites \ and while these lines are in most cases 
somewhat diffuse and broad in appearance, they are in other cases 
apparently as sharp as the metallic lines which excite them. 

In the later paper, data has been given on the light emitted, in two 
typical cases, by fluorites under excitation by heat alone. Here again 
the spectra are discontinuous, and contain, beside broad-banded por- 
tions, lines which are quite sharp. 

The spectroscopic side of the luminescence of fluorite is not ex- 
hausted by a study* of the fluorescence and thermo-luminescence 
spectra. This mineral is most remarkable in the great variety of 
ways by which its luminescence can be excited, and it is known to 
emit light under the influence of kathode rays, X-rays, and radium 
radiation, as well as by simply rubbing or breaking a crystal. 

Parallel with the spectroscopic investigation of the light emitted by 
the crystals under various excitations, a careful series of investigations 

1 The Fluorescence Spectrum of Fluorite, Astrophysical Journal, 21, 83 
(Mar. 1905) ; Studies on Fluorite, I. These Proceedings, 41, 587 (Mar. 1906). 

2 Studies on Fluorite, II. These Proceedings, 41, 593 (Mar. 1906). 
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has been made on the impurities which are present in the natural min- 
eral. The first of these investigations 3 was made on the gases con- 
tained in fluorite, and the results of this research are wholly negative 
as far as the question of the source of luminescence is concerned. 
Nothing other than the ordinary gases was found in any case, and no 
relation between the occluded gases and the emission of light under 
excitation was discovered. 

At the present time, careful chemical analyses of a series of fluorites 
from many parts of the world are being carried out, in the hope of find- 
ing a clue to the source of the light-emission. The results of these 
analyses, as far as they have gone, are most interesting. Many fluorites 
are found to contain quite evident amounts of rare earths, 4 and from 
one specimen, at least, enough neodymium and praseodymium have 
been separated to give a quite measurable absorption spectrum. The 
author intends to report the results of these investigations to the 
American Academy as soon as possible. 

II. The spectra of a large number of fluorites, excited by kathode 
rays, have been examined and photographed. Of this large number, 
seven will be described in this paper. The crystals examined were : 

1. Fluorite from Amelia Court-House, Virginia. This region is a 
famous one because of the occurrence of this fluorite, which has re- 
markable properties, and also for many other minerals containing rare 
earths. Very large microlite crystals were found near the fluorite de- 
posits. The crystals of fluorite from this region are what are called 
"chlorophanes," par excellence. They are very sensitive to heat, emit- 
ting light strongly at the temperature of boiling water, and so strongly 
at 300° as to be bright objects even in a well-lighted room. The fluor- 
ites occur in colors varying from dark brown and dark purple to light 
green. All show the same thermo-luminescence spectrum, and the 
same kathodo-luminescence spectrum. The spectrum of thermo-lumi- 
nescence of this variety has been given at length in a previous paper. 5 
The details of the kathodo-luminescence spectrum are given in Table I, 
and the appearance of this spectrum is seen in Figure 1, Plate o. 

2. Fluorite from Trumbull, Conn. This is also a brilliant "chloro- 
phane," which shows the same thermo-luminescence spectrum as the 
Virginia crystals, and a kathodo-luminescence spectrum which is very 
closely related to that of the other mineral. Details of the latter 
spectrum are given in Table II, and the appearance of the spectrum is 
seen in Figure 2 of the plate. 

3 Studies on Fluorite, III. These Proceedings, 41, 601 (Mar. 1906). 

4 See also Humphreys, Astrophysical Journal, 20, 266 (1904). 

5 Studies on Fluorite, II. These Proceedings, 41, 593 (Mar. 1906). 
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3. Fluorite from Westmoreland, N. H. This is a clear, light-green 
fluorite, which shows no very strong fluorescence, but which is most 
brilliant in thermo-luminescence, giving out a purple light, the spec- 
trum of which has been fully described in a previous paper. 6 Its 
kathodo-luminescence spectrum is in many respects very different from 
all the others described. The details of this spectrum are given in 
Table III, and a photograph of the spectrum is reproduced in Figure 3 
of the plate. 

4. Fluorite from Hardin County, Ohio. This is a clear pink variety 
of no very strong fluorescence or thermo-luminescence, but which 
shows a fairly strong kathodo-luminescence. Its spectrum is shown in 
Figure 4, and the detail of the lines is given in Table IV. 

5. Purple fluorite from Weardale, England. This locality has fur- 
nished some of the most beautiful fluorspar crystals of the world, and 
this particular crystal was cut from a large and perfect natural crystal. 
It is the same crystal as No. 5 of the paper on the fluorescence of 
fluorite, 7 and it is characterized by a fine series of layers of different 
colors, in planes parallel to the natural faces of the crystal. (Table V 
and Figure 5.) 

6. Green Weardale crystal. A deep green variety from the same 
locality, showing a kathodo-luminescence spectrum very much like that 
of the purple variety, but different in some strong lines. Table VI, of 
wave-lengths, and Figure 6 of the plate, show its characteristics. 

7. Yellow Weardale crystal. Fr6m the same locality, but of deep 
straw-yellow color. Not very strong in fluorescence or thermo-lumi- 
nescence, but giving a fine purple kathodo-luminescence. Shown in 
Figure 7 and described in Table VII. 

III. After the preliminary study of the method, exposure, condi- 
tions for brightest luminescence, etc., the crystals described were cut 
from the natural crystals and their faces polished. This treatment 
permits of excluding the lines of gases in the tube as completely as 
possible, and gives a field of light which is regular and smooth. The 
crystals were then mounted in the vacuum tube so that one of the 
polished faces was exposed directly to the kathode bombardment, 
the spectroscope being so placed that it would take in all the light 
possible from the polished face of the crystal. 

The form of tube shown in the figure (Figure A) is convenient 
for this special purpose. The crystal is mounted on the little table 
which forms the end of the stop-cock, and so mounted it can be turned 

6 Studies on Fluorite, II These Proceedings, 41, 593 (Mar. 1906). 

7 The Fluorescence Spectrum of Fluorite, Astrophysical Journal, 21, 83 
(Mar. 1905) ; Studies on Fluorite, I. These Proceedings, 41, 587 (Mar. 1906). 
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to any desired position in front of the rays, or a new face can be ex- 
posed when this is necessary, without loss of time. In the preliminary 
examination, a number of small bits of fluorite were mounted on the 
revolving table, near the edge, and these could then be brought one 
after the other into the kathode rays, and their spectra studied with 
a hand spectroscope. During the entire research the kathode stream 
was controlled by means of a permanent magnet, and with it the 
brightest luminescence could be brought out near the slit ; or, if the 
crystal had been mounted a little too low or too high, the kathode 
stream was brought into the most favorable position for bright lumi- 
nescence by means of the magnet. 




Figure A. 



The large aperture spectroscope already described 8 was used for the 
photography of the spectra, and Cramer Tri-chromatic plates were found 
to give a fairly flat spectrum down as far as wave-length 6000. 

It was found that the time of exposure could not be increased beyond 
a certain point with any advantage. The well-known phenomenon 
of discoloration of the crystal faces takes place, and before long the 
layer of color becomes so dense that practically no more kathode excita- 
tion gets through it, and the luminescence stops. About half an hour 
is the limit of profitable exposure for a single crystal face under the 
conditions of excitation used in this work, and if the intensity of the 
kathode stream is greatly increased, this time is reduced to a few min- 
utes. The time varies with different crystals, and some of them remain 
unattacked for a much longer period than others. When a longer 
exposure than half an hour was found necessary, the crystal was simply 



8 The Fluorescence Spectrum of Fluorite, Astrophysical Journal, 21, 
(Mar. 1905) ; Studies on Fluorite, I. These Proceedings, 41, 587 (Mar. 1906). 
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turned through 90° and a new face presented, so that the exposure 
could be continued to about two hours with a single crystal. The 
luminescence light passes almost undimmed through the thin layer of 
color on the face of the crystal, so that a face which has been completely 
protected from further excitation by the kathode beam is still quite 
transparent to light, and may therefore be turned toward the slit, while 
a new face is exposed to excitation. 

The tube was kept connected with the pump during the entire series 
of experiments, and the vacuum was brought back to the most favorable 
point whenever necessary. For some crystals no pumping was required, 
and the vacuum remained at the right point for many hours. In other 
cases constant use of the pump was necessary. The Westmoreland 
crystal (No. 3), although one of the clearest and least colored of the 
series, gave off hydrogen in measurable quantities, and the spectrum 
of the gases in the tube changed slowly after this crystal was introduced, 
until finally the original nitrogen (air) spectrum had almost entirely dis- 
appeared and only hydrogen was visible. This is evidently closely con- 
nected with the fact that this same Westmoreland fluorite contains a 
considerable percentage of hydrogen in the gases which it holds oc- 
cluded. Analysis of the gases given off from this fluorite on heating 
showed that while the amount of gas present was small compared with 
some other fluorites, it contained about 52 per cent of hydrogen. 9 The 
evolution of hydrogen at room temperature, under the influence of 
the kathode discharge, is an interesting qualitative confirmation of the 
analyses. 

IV. In the following tables the abbreviations 

sh., sharp v. sh., very sharp 

dif, diffuse v. dif., very diffuse 

q. sh., quite sharp max., maximum 

are used. Bands are indicated by brackets enclosing the numbers 
representing their boundaries. 

Intensities are given on a scale of 1 to 10, increasing. 

In tables IX and X the strong 1 lines and those common to several 
crystals have been collected. A few important relations may be men- 
tioned. 

The band from A 5570 to A 5610 is a universal constituent of all 
these spectra. 

The strong line at A 5667 is present in all but one. It is just as cer- 

9 See also Humphreys, Astrophysical Journal, 20, 266 (1904). 
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tainly absent from the spectrum of the Ohio crystal, and it is replaced, 
by the line at X 5676. 

Table X shows the most common lines and their occurrence in the 
seven spectra under analysis. Comparison with the tables of wave- 









TABLE I. 












Amelia Court House (Va.) Fluorite. 




Wave-length. 


Intensity. 


Remarks. Wave-length. 


Intensity. 


Remarks. 


4310 




2 




(5375 






4332 




1 




\ to 


strong band. 


4350 




3 


q. sh. 


15407 






(-4360 








5455 


2 


dif. 


\ to 


rather weak band. 


5535 


2 


dif. 


14378 








5608 


2 


dif. 


4415 


v 


2 


dif. 


T5665 


10 




4544 




2 






to 






4663 




2 




- 


5733 max 




strong band 


4775 




2 






to 






(4800 








V5780 sharp 


edge. 




\ to 




rather weak band. 


[5804 






14832 








1 to 




weak band 


4857 




3 


q. sh. 


'5886 


3 




5295 




1 


dif. 


5962 


2 


dif. 


5332 




1 


dif. 


6040 


3 


dif. 








TABLE II. 










Trumbull, Conn., Fluorite. 






Wave-length. 


Intensity. 


Remarks. Wave-length. 


Intensity 


Remarks. 


4145 




1 


dif. 


5666 


8 ] 


rather dif. 


4335 




3 


dif. 


5693 


2 




4350 




5 


q. sh. 


5710 


2 


dif. 


(4365 








5731 


3 


v. sh. 


] to 


strong flat band 




5750 


5 


v. sh. 


1 4380 








5774 


8 


v. sh. 


4417 




5 


dif. 


(5795 






4510 




1 


dif. 


\ to 




band. 


5398 




5 


broad. 


15837 






5433 




1 




(5860 






5487 




2 




\ to 




band. 


5506 




2 




15890 






5539 




4 


broad. 


6055 


2 


dif. 


T5555 














1 to 




rather weak band. 








15610 


sharp edge 
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lengths of the spectra produced by fluorescence 10 and by thermo-lum- 
inescence 13 - shows immediately that while the spectra are similar in 
general appearance, and while the strong lines in the kathodo-spectra are 
in about the same part of the spectrum as those in the fluorescence- 
spectra, there are no coincidences of importance. The three lumines- 
cences are totally different as far as the wave-lengths of the principal 
lines are concerned. And a moment's consideration of the facts about 









TAI 


*LEIII. 








Westmoreland, 


N. H., Fluorite. 


Wave-length. 


Intensity. 


Remarks. 


' Wave-length. Intensity. Remarks. 


4722 




2 


v. dif. 


( 5573 


3 


4777 




2 


v. dif. 


] to 


band. 


4857 




4 


q. sh. 


(5608 




4892 




2 


dif. 


5667 


4 dif. 


5142 




1 


dif. 


5727 


4 q. sh. 


5187 




2 


dif. 


(5767 


max. or sh. edge 


5244 




2 


dif. 


< to 


band. 


5332 




1 




(5822 




5370 




5 


q. sh. 


(5870 




5398 




5 


q. sh. 


] to 


diffuse band. 


5433 




1 




(5912 




5468 




2 


q. sh. 


(5980 




5513 




8 

% 


dif. 

TABL 


j to 
(6055 

EIV. 


weak band with 2 max. 






Fluorite from H 


ARDIN Co., 


III. 


Wave-length. 


Intensity. 


Remarks. 


Wave-length. Intensity. Remarks. 


4898 




2 


dif. 


5676 


10 q. sh. 


5192 




2 


dif. 


5735 


3 q. sh. 


5262 




1 


dif. 




f5767 




5345 




1 






to 




5375 




5 


q. sh. 


- 


5783 


max. band. 


5400 




5 


q. sh. 




to 




5434 




1 




^5822 




5468 




3 


q. sh. 


(5872 




5517 




2 


dif. 


] to 


fairly strong band. 


5538 




1 


q. sh. 


(5914 




l 5572 








(5978 




] to 


fairly strong band. 


] to 


band. 


(5619 








(6053 


max. 



10 The Fluorescence Spectrum of Fluorite, Astrophysical Journal, 21, 83, 
(Mar. 1905) ; Studies on Fluorite, I. These Proceedings, 41, 587 (Mar. 1906). 

11 Studies on Fluorite, II. These Proceedings, 41, 593 (Mar. 1906). 
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the fluorescence spectra makes this result necessary as ' far as that 
method of excitation is concerned. The fluorescence spectrum of a crys- 
tal offluorite is a function of the exciting source, and changes completely 
when the exciting wave-lengths are changed. It is therefore improbable 
that any one of the fluorescence spectra should show more than approx- 
imate or accidental coincidences with many lines excited by either heat 
or kathode luminescence. There are lin^s which, appear in the fluores- 
cence spectra of a crystal under excitation by several different sources, 



Wave-length. 

• 4727 
4782 
4796 
4944 
5337 
5374 
5407 
5467 
5509 
5542 
5571 
to 
5612 



TABLE V. 

Purple Weardale (Eng.) Fluorite. 



Intensity. 
1 
1 
1 
2 
1 
3 
5 
3 
2 
3 



Remarks. 



Wave-length. Intensity. Remarks. 



band. 



5669 


10 rather dif. 


5754 


max. in band. 


5780 • 


4 max. of band. 


5810 max. 




to 


band. 


5857 




5871 




to 


rather weak band. 


5908 




6045 


5 


6114 


1 







TABLE VI. 








Green Weardale (Eng.) Fluorite 






Wave-length. 


Intensity. 


Remarks. 


Wave-length. 


Intensity. 


Remarks. 


4730 


4 


q. sh. 


5517 


1 


dif. 


4780 


3 


sh. 


5537 


3 


q. sh. 


4795 


4 


sh. 


(5575 


2 




(4854 






\ to 






] to 


rather weak band. 


(5606 


2 


band. 


(4867 






5667 


10 sh. 


and strong 


4890 


1 


dif. 


5726 


3 


q. sh. 


4915 


3 


broad. 


5761 


1 




4947 


1 


dif. 


5774 


5 


q. sh. 


5333 


1 


broad. 


5809 


5 


q. sh. 


5370 


3 


q. sh. 


5833 


5 


q. sh. 


5396 


1 


q. sh. 


(5861 


sharp edge here. 


5408 


5 


q. sh. 


] to 


strong band. 


5439 


2 


broad. 


(5893 






5470 


5 


broad. 


6040 


8 


q. sh. 


5506 


2 


q. sh. 


6110 


1 


q. sh. 
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and these might be expected to be a property of the crystal, and to per- 
sist under other forms of excitation. None of these lines appear in 
either the thermo-luminescence or kathodo-luminescence of these crys- 
tals. That the same substance can, however, give the same spectrum 
under excitation by light and by heat has been shown by Becquerel, 12 
and Urbain 13 has proven that the same spectrum, modified only slightly, 
is shown by the same substance under excitation by kathode rays. 
The necessary conclusion from the author's experiments is, however, 
that this is by no means always the case. The purple Weardale fluorite 
(No. 5) has been most carefully studied both in fluorescence and in 
kathodo-luminescence, and there is no relation whatever between these 
spectra as far as the wave-lengths of lines are concerned. The West- 
moreland fluorite, and that from Amelia Court-House, have been inves- 
tigated in both thermo-luminescence and kathodo-luminescence, and 
no coincidences of importance are visible. 

Plate gives a very good idea of the relation between the kathodo- 
luminescence spectra of the seven crystals examined. The two upper 
spectra are very evidently similar. They are both "chlorophanes, ,> 









TABLE VII. 










Yellow Weardale (Eng.) Fluorite. 




Wave-length. 


Intensity. 


Remarks. Wave-length. 


Intensity. 


Remarks. 


4332 




2 




4946 


1 


dif. 


4350 




8 


sh. 


5372 


2 




(4365 








5400 


1 




] to 


broad flat band. 




5408 


2 




(4382 








5437 


1 




4419 




8 


dif. 


5470 


3 


q. sh. 


4512 




2 




(5508 


2 


a. sh. 


(4542 
] to 
(4705 




4 


dif. 


] to 


band between. 








( 5540 


2 


q. sh. 




2 


dif. 


f5570 






4736 




8 


q. sh. 




to 






4752 




2 




- 


5602 max. 


a broad band. 


4767 




1 






to 






4785 




5 


sh. 




15615 






4796 




5 


sh. 


5669 


10 


q. sh. 


(4814 




2 




5730 


2 


q. sh. 


] to 






band. 


5773 


3 


q. sh. 


( 4833 




1 




5811 


2 


q. sh. 


4860 




4 


dif. 


5837 


1 


q. sh. 


4917 




4 


dif. 


5885 


3 


dif. 



12 Journal de physique, 68, 444, and 69, 169. 

13 Comptes rendus, 143, 825 (1906). 
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TABLE VIII. 
SUMMARY. 





1. 


2. 


3. 


4. 


5 


6. 


7. 


Wave-length. 


Am. C-H. 


Trumb. 


West. 


Ohio. 


P. Wr. 


G. Wr. 


Y. Wr. 


4145 




Id. 












4310 


2 














4333 


1 


3d. 










2 


4350 


3s. 


5s. 










8 s. 


(4360 
















\ to 


w. 


St. 










St. 


14380 
















4416 


2d. 


5d. 










8d. 


4511 




1 d. 










2 


4543 


2 












(4d. 


4663 


2 












] bnd. 


4705 














(2d. 


4722 






2d. 










4728 










1 


4s. 




4736 














8 s. 


4752 














2 


4767 














1 


4776 


2 




2d. 










4781 










1 


3 s. 




4785 














5 s. 


4796 










1 


4 s. 


5 s. 


4800 


( 












(2 


4814 


\ w. bnd. 












jbnd. 


4832 


( 












' 1 


4856 


3 s. 




4 s. 






( 




4860 












ibnd. 


4d. 


4867 












( 




4891 






2d. 






Id. 




4898 








2d. 








4917 












3 b. 


4d. 


4946 










2 


Id. 


Id. 


5142 






1 d. 








- 


5190 






2d. 


2d. 








5244 






2d. 










5262 








Id. 




• 




5295 


1 














5334 


1 




1 




1 


lb. 




5345 








1 








5373 


( of 




5 s. 


5s. 


3 


3 s. 


2 


5397 


) St. 

\ bnd. 


5b. 


5 s. 


5 s. 




Is. 


1 


5408 








5 


5 s. 


2 
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TABLE VIII. {Continued.) 





1. 


2. 


3. 


4. 


5. 


6 


7. 


Wave-length. 


Am. C-H. 


Trumb. 


West. 


Ohio. 


P. Wr. 


G. Wr. 


Y. Wr. 


5435 




1 


1 


1 




2 b. 


1 


5455 


2d. 














5469 






2s. 


3s. 


3 


5 b. 


3s. 


5487 




2 












5508 




2 






2 


2 s. 


( 2 


5513 






8d. 










5517 








2d. 




Id. 


\bnd. 


5538 


2 dif. 


4 b. 




1 s. 


3 


3 s. 


12 


5550 




1 






• 






5572* 




{ w. bnd. 


f 


}st. bnd. 


Ibnd. 


\ 2 

[2 bnd. 


(bnd. 


5610 


2d. 


( 


(3 bnd. 


5666 


fio 


8 


4d. 


10 


10 s. 


10 s. 


5676 










10 s. 








5693 






2 












5710 






2d. 












5727 


< bnd. 




4 s. 






3 s. 


2 s. 


5732 




m. 


3 s. 




3 s. 








5755 








' 


f 


d. m. 


1 




5772 






8 s. 


m. 






5 s. 


3 s. 


5782 




, s. 






m. 


4d. 






5795 




f 


* bnd. 


* bnd. 








5804 
















5810 f 




J bnd. 






rm. 


5 s. 


2 s. 


5822 






V 


\ 








5833 




1 






\ bnd. 


5 s. 




5837 














Is. 


5860 




C 






1 






5870 

• 5885 


3 


^bnd. 


i 


( 


I 


Ibnd. 


3d. 


5892 




1 


Ibnd. 


ibnd. 


ibnd. 


( 




5910 






1 


( 


1 






5962 


2d. 








V. 






5980 






( 


[ 








6040 


3d. 




Ibnd. 


|bnd. 




8 s. 




6045 






1 


1 


5 






6054 




2d. 


W 


I 




1 s. 




6112 










1 


1 s. 





(In the above summary s., sharp; d., diffuse; m., maximum in band; 
w., weak; bnd., band; st., strong; are used. Bands are indicated by 
brackets.) 
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TABLE IX. 

STRONG LINES. 

And those Common to Several Crystals. 



Wave-length. 


Am. C-H. 


Trumb. 


West. 


Ohio. 


P. Wr. 


G. Wr. 


Y. Wr. 


4350 


3s. 


5s. 










8 s. 


4416 


3d. 


5d. 










8d. 


4730 






2 




1 




4 


4780 






2 






3 




4785 














5 


4796 












4 


5 


4856 


3 s. 




4 s. 








4d. 


4917 












3 • 


4 


5372 






5 


5 


3 


3 


3 


5398 




5 


5 


5 




1 


1 


5408 










5 


5 


5 


5470 






2 


3 


3 


5 


3 


5512 






8 




2 






5538 


2 


4 




1 


3 


3 


2 


(5570 
















] to 


bnd. 


bnd. 


bnd. 


bnd. 


bnd. 


bnd. 


bnd. 


( 5610 
















5667 


10 


8 


4 




10 


10 


10 


5676 








10 








5730 




3 


4 


3 




3 


2 


5775 


m. 


8 


m. 


m. 


4 


5 


3 


5810 


bnd. 


bnd. 


bnd. 


bnd. 


m. 


5 


2 


5885 


3 


bnd. 


bnd. 


bnd. 


bnd. 


bnd. 


3 


6040 


3 


bnd. 


bnd. 


bnd. 


5 


8 





(s., sharp; d., diffuse; m., maximum in band; bnd., band; intensities on 
increasing scale of 1 to 10.) 

TABLE X. 

The Most Common Lines of the 7 Crystals. 



5372 


in 5 


5810 


in 7 


5398 


5 


5885 


7 


5538 


6 


6050 


6 


5667 


6 or 7 


(5570 




5730 


5 


] to 


7 


5775 


7 


(5610 





MORSE. — THE KATHODO-LUMINESCENCE OF FLUORITE. 15 

and the spectrum is therefore concealed in some degree beneath the 
broad green band which is characteristic of both. The similarity in 
many of the sharper lines is, however, perfectly apparent. 

The spectra of Figures 3 and 4 are quite different from each other 
and from the other spectra shown. The larger part of the luminescence 
lines are in the same part of the spectrum as in the others, but the 
lines are not the same. Figure 4 is more like the spectra 5, 6, and 7 
than it is like the ones preceding it in the plate. The three lower 
figures are all of fluorites from Weardale. They are very similar in 
most of their lines, but show evident differences in the strength of 
individual lines and groups of lines. 

In none of these spectra are the lines quite as sharp as the lines of 
fluorescence. They are all diffuse in comparison with sharp metallic 
lines. 

V. While work on this research was in progress, a paper by Urbain 14 
appeared in which the cause of the luminescence of fluorite was definitely 
connected with the presence of the rare earths terbium, samarium, and 
dysprosium. The particular fluorite which was cited by Urbain was 
one which had been examined several years before by Becquerel, 15 both 
in the phosphoroscope and in thermo-luminescence. It is a "chloro- 
phane " which gives a brilliant green luminescence under all of the va- 
rious methods of excitation, and from the table of wave-lengths which 
accompanies the paper it is quite evident that the spectrum of this 
chlorophane in kathodo-luminescence is very similar in all important de- 
tails to the spectra of the chlorophanes of the author's Tables I and II, 
and of Figures 1 and 2. But the resemblance of this spectrum to the 
kathodo-luminescence spectra of terbium, samarium, and dysprosium, 
dissolved in various oxides and sulphates, is very slight indeed, and 
Urbain's conclusions from this resemblance may possibly be unjustified. 
He prepared from the fluorite in question substances which did give 
spectra corresponding in every detail with the spectra of the rare earths, 
and also synthesized a fluorite, which was like the original one, from 
such preparations. The proof seems a very strong one, but it is one 
which requires further test. The kathodo-luminescence spectra of the 
rare earths, in spite of their perfectly definite appearance and their 
evident persistence as a property of some definite substance or element, 
have proven most elusive. Crookes 16 spent some fifteen years in fol- 

14 Comptes rendus, 143, 825 (1906). 

15 Journal de physique, 68, 444, and 69, 169. 

16 A large number of papers by Crookes on this subject are to be found in the 
Proceedings of the Royal Society, the Transactions, and in the Chemical News, 
from 1880 to 1890 especially. 
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lowing certain definite bands in these spectra. Lecoq 17 about as long 
Baur and his students thought that they had settled the matter finally. 18 
Urbain 19 has done wonderful work in separating the elements of the 
rare earths, and his opinion is undoubtedly of more importance than 
that of any one else. An explanation along these lines must include 
not only the case of a single chlorophane, but it must cover also the 
cases where the fluorescence, thermo-luminescence, and kathodo-lumi- 
nescence of the same crystal of fluorite are all different, even in their 
minute details. 

While the author cannot expect to test the question by synthesis, 
further study of the rare elements which are present in fluorites is 
already under way, and examination of the light emitted by these same 
fluorites under excitation by other means will also be taken up as soon 
as possible. 

The author's thanks are due to the American Academy for a gener- 
ous appropriation from the Rumford Fund, which has been of the 
utmost assistance in this work. 

The Jefferson Physical Laboratory, 

Harvard University. March 20, 1907. 



17 Papers by Lecoq de Boisbaudran on this subject, to the number of thirty or 
more, are to be found in the Comptes rendus, beginning with volume 100, and 
continuing for many years. 

18 Ber. d. d. Chem. Ges., 33, 1748, and 34, 2460. 

19 A very complete bibliography of all the literature on the yttrium and cerium 
earths is that of Meyer, Bibliographie der seltenen Erden. (Leopold Voss, 
Leipzig, 1905.) 



EXPLANATION OF PLATE. 



The upper spectrum is that of the spark between cadmium terminals, and the 
numbers indicate wave-lengths. 

The seven numbered spectra are kathodo-luminescence spectra of the fol- 
lowing : 

1. Fluorite from Amelia Court-House, Virginia. 

2. Fluorite from Trumbull, Conn. 

3. Fluorite from Westmoreland, N. H. 

4. Fluorite from Hardin Co., Ohio. 

5. Purple fluorite from Weardale, England. 

6. Green fluorite from Weardale, England. 

7. Yellow fluorite from Weardale, England. 



Morse.— Studies on Fluorite. IV. 
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